Abstract. Let R be a commutative ring with identity and M be a unital R-module. Then M is called a multiplication module provided for every submodule N of M there exists an ideal I of R such that N = IM. Our objective is to investigate properties of prime and semiprime submodules of multiplication modules.
Throughout this paper all rings will be commutative with identity and all modules will be unitary. Let R be a ring and M be a unital R-module. For any submodule N of M, we define (N : M) = {r ∈ R : rM ⊆ N} . A submodule N of M is called prime if N = M and whenever r ∈ R, m ∈ M and rm ∈ N, then m ∈ N or r ∈ (N : M) . A submodule N of M is called semiprime if N = M and whenever r ∈ R, m ∈ M, and r n m ∈ N for some positive integer n, then rm ∈ N. In recent years, prime and semiprime submodules have attracted a good deal of attention; see , for example [2 − 5] .
An R-module M is called a multiplication module provided for each submodule N of M there exists an ideal I of R such that N = IM. We say that I is a presantation ideal of N. Clearly, every submodule of M has a presantation ideal if and only if M is a multiplication module. Let N and K be submodules of a multiplication with N = I 1 M and K = I 2 M for some ideals I 1 and I 2 of R.The product N and K denoted by NK is defined by NK = I 1 I 2 M. Then by [6,theorem 3.4] , the product of N and K is independent of presentation of N and K. Note that this definition is different from the definition of ordinary ideal multiplication. Indeed, let R = Z be the ring of integers, and let M = 2Z and N = K = 4Z. Then NK is 16Z by the usual definition and is 8Z by the our definition. Moreover, for a, b ∈ M, by ab we mean the product of Ra and Rb. Clearly, NK is a submodule of M and NK ⊆ N ∩ Ksee,for example,[ [7] − [9] .]
The purpose of this paper is to introduce interesting and useful properties of prime and semiprime submodules of multiplication modules. 
Proposition 4. Let M be a multiplication R-module. Then, a proper submodule N of M is prime if and only if M\N is a multiplicatively closed.
Proof. Let N be a prime submodule of M and let a, Clearly, every prime submodule of a module is weakly prime submodule. However, since 0 is always weakly prime(by definition) , a weakly prime submodule need not be prime. Recall that an ideal I in a commutative ring R is called semiprime if r n ∈ I for some n ∈ Z + implies that r ∈ I. It is well known that an ideal I is semiprime if and only if I = √ I = {r ∈ R : r n ∈ I for some n ∈ Z + } . A submodule N of M is called semiprime if r n m ∈ N for some n ∈ Z + implies that rm ∈ N. It is clear that N is semiprime if and only if I n V ⊆ N for some n ∈ Z + implies that IV ⊆ N.
Theorem 12. Let N be a proper submodule of a multiplication module M.Then N is semiprime if and only if
Proof. Let N be a semiprime submodule and U n ⊆ N for some submodule U of M. Suppose that I be a presentation of U. Conversely, let N = r (N) .Let m n ⊆ N for some n ∈ Z + . Since N = r (N) , m ∈ N.Therefore, N is semiprime submodule of M.
